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E6 
E6 Water treatment -2.5 

hours 
• E.6.1 List the primary pollutants found in waste 

water and identify their sources. (2) 

• E.6.2 Outline the primary, secondary and tertiary 
stages of waste water treatment, and state the 
substance that is removed during each stage. (2) 

• E.6.3 Evaluate the process to obtain fresh water 
from sea water using multistage distillation and 
reverse osmosis. (3) 



E6 E6.1 – Primary Waste Water 
Pollutants 

• E.6.1 List the primary pollutants found in waste 
water and identify their sources. (2) Examples 
include heavy metals, pesticides, dioxins, 
polychlorinated biphenyls (PCBs), organic matter, 
nitrates and phosphates. Aim 7: Data banks and 
spreadsheets can be used. 

• The driving force behind the water cycle is the 
heat of the Sun.  

• Thermal energy from the Sun causes evaporation 
from oceans, seas, and lakes 



E6 

E6.1 – Water Cycle 



E6 

E6.1 – Water and its Pollutants  

• Water is an excellent solvent and dissolves many 
different chemical substances 

• As water falls through the atmosphere it dissolves 
gases, such as CO2, and pollutants such as SO2 
and NOx.  

• Chemical fertilizers washed off the farmland will 
add NO3

- and PO4
3- ions 

• River water may contain pesticides, bacteria and 
oil 

• All of these impurities must be removed before it c
 an be used for drinking 



E6 

E6.1 – Types of Water Pollutants 

• Water pollution falls into two broad categories: 

 Point sources – occurs when the source of 
pollution is clearly identifiable at one point 

 For example: a chemical factory releasing toxic 
substances into a river 

 Non-point sources – describes situations in 
which water collects pollutants over a larger 
area, and thus cannot be attributed to a single 
source 

 Examples: Acid rain polluting a lake, fertilizer run-off 
which accumulates N and P in compounds in rivers 



E6 

E6.1 – Primary Water Pollutants 

• The primary pollutants found in waste water are: 

 Heavy metals (toxic metals with high Ar) 

 Pesticides (insecticides and herbicides) 

 Chemical wastes (dioxins, PCB’s) 

 Organic Wastes (sewage) 

 Fertilizers 



E6 E6.1 – Effects of Heavy Metal 
Water Pollutants 



E6 E6.1 – Effects of Pesticides, chemical 
wastes, organic matter, and fertilizers 



E6 

E6.1 
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E6 

E6.2 – Stages of Water Treatment 

• E.6.2 Outline the primary, secondary and tertiary 
stages of waste water treatment, and state the 
substance that is removed during each stage. (2) 
For primary treatment, filtration and sedimentation 
should be covered. For secondary treatment, 
mention the use of oxygen and bacteria (for 
example, the activated sludge process). Include 
the removal of heavy metals, phosphates and 
nitrates by chemical or biological processes 



E6 

E6.2 – Waste Water Treatment  
• The treatment of waste water before it can be safely 

re-introduced to rivers takes place in three stages: 

 Primary treatment – screening to remove solids, followed 
by sedimentation of sand, grit and sludge 

 Secondary treatment – use of oxygen and bacteria to 
remove organic matter 

 Tertiary treatment – chemical precipitation of remaining 
organic compounds, heavy metals, nitrates and phosphates 



E6 

E6.2 – Primary Treatment 
• Water is sent through coarse mesh screens: 

 Raw waste water contains floating and suspended solid 
material. This may include paper, rags, wood and plastic 
rubbish that may cause blockage elsewhere in the 
treatment plant.  

• Water is passed through grit channel 

 The speed of the water is slowed so sand and grit settle 
out. A spinning centrifuge could also be used.  

• Water is then passed into large holding tanks to 
settle 

 Fine solid particles form sludge at bottom, insoluble 
grease floats to top and is skimmed off 

Sometimes this treatment alone is enough 



E6 

B6.2 – Secondary Treatment 

• Secondary treatment focuses on lowering BOD 
by removing organic matter 

• The principal secondary treatment involves 
allowing aerobic bacteria to oxidize the organic 
matter  

 One method involves pouring of the waste over a bed 
of small stones covered in microorganisms 

 More effective method called the activated sludge 
process. Bacteria and sewage are mixed and blasted 
with air allowing for the bacteria to multiply rapidly and 
feed on the organic material. This process removes 90% 
of the BOD from waste water 



E6 

B6.2 – Tertiary Treatment 

• Tertiary treatment is sometimes called advanced 
water treatment and removes the remaining 
inorganic pollutants from the water (PO4

3-, N 
complexes, heavy metal ions).  

• This process is very important where industrial 
point sources such as metal works or chemical 
plants have led to high [pollutants] 

• Nitrogen compounds are removed so they do not 
contribute to eutrophication of rivers and lakes. 
There are two common types (ammonium ions, 
 and nitrate ions.) 



E6 

E6.2 – Tertiary, NH4
+ removal 

• In the tertiary treatment, water is first treated with 
nitrifying bacteria, which oxidize the NH4

+ 
ions to nitrate ions 

• This is a two-step process: 

 NH4
+(aq) + 1½ O2(g)  NO2

-(aq) + 2H+(aq) + H2O(l) 

 NO3
-(aq) + ½ O2(g)  NO3

-(aq) 



E6 

E6.2 – Tertiary, NO3
- removal 

• The nitrate ions originally present in waste water, 
along with those formed in the treatment of NH4

+, 
are then reduced (by different strains of bacteria) 
to nitrogen gas, which is released into the 
atmosphere 

• 2NO3
−(aq) + 10e− + 12H+(aq) → N2(g) + 6H2O(l) 



E6 

E6.2 – Tertiary, PO4
3- removal 

• Phosphates are removed by either biological or 
chemical processes. 

• Water treated with biomass containing specific 
bacteria which absorb the PO4

3- ions, and the 
product can later be used as fertilizer 

• Alternatively, PO4
3- ions can be removed by 

chemical precipitation 

 Fe3+(aq) + PO4
3-(aq)  FePO4(s) 

 Al3+(aq) + PO4
3-(aq)  AlPO4(s) 

 



E6 

E6.2 – Tertiary, Heavy M removal 

• Heavy metals can be removed by chemical 
precipitation or ion exchange.  

• Most transition metal ions have insoluble 
hydroxides, so Ca(OH)2 or Na2CO3 are added 

 Cr3+(aq) + OH-(aq)  Cr(OH)3(s) 

 A coagulant can then be added to clump and collect 
insoluble particles together 

• Ion exchange resin is a material that binds reversibly 
to particular cations or anions as they are more 
 attracted to heavy metals than original ions 

 2Na+(resin) + Cd2+(aq) ⇌ 2Na+(aq) + Cd2+(resin)  

 



E6 

E6.3 – Fresh water from the Sea 
• E.6.3 Evaluate the process to obtain fresh water 

from sea water using multistage distillation and 
reverse osmosis. (3) 

• Osmosis is a natural process which serves to 
equalize the concentrations of solutions. 

• If two solutions (one salt water, one water) are 
placed on two sides of a semi-permeable 
membrane, the water will tend to flow to the salt 
solution side until concentrations are in equilibrium 

• If pure water is desired, we want the opposite and 
 the solution must flow against the osmotic 
 flow. This process is called reverse osmosis. 



E6 

E6.3 – Reverse Osmosis 

• Reverse osmosis requires that a pressure be 
applied to the salt water, greater than the 
osmotic pressure.  

• This process takes energy because you must force 
the water through the membranes 



E6 

E6.3 – Thermal Desalination 

• The most commonly used method to date is 
multi-stage flash distillation (MSF).  

• Sea water is heated under high pressure and then 
passed into a chamber at lower pressure 

 Rapid decrease in pressure causes water to 
‘flash’ evaporate 

 After each ‘flash’ the steam is cooled in another 
chamber 

 The cycle takes advantage of the steam to heat 
more water, keeping energy consumption 
minimized 



E6 E6.3 – Advantage of Different 
Methods of Attaining Fresh Water 


